On the basis of the expressions given by Rossmanith [Acta Cryst. (1992), A48, 596--610; (1993), A49, 80-91], a simple approximation is derived for the half-widths of Bragg intensity profiles measured with a triple-crystal diffractometer at a synchrotron-radiation source. This new formula facilitates insight into the effects of four parameters -divergence, wavelength spread, mosaic spread and mosaic block size -on the widths of the profiles.
Introduction
At a synchrotron-radiation source, Bragg intensities are usually measured using triple-crystal experimental equipment. In a routine intensity-collection experiment, the intensity profiles of all Bragg reflections belonging to a particular data set are usually recorded by the o9 step-scan technique with the same step width and number of steps. For the correct choice of these two routine intensity-data-collection parameters, knowledge of the expected widths of the Bragg intensity profiles is essential.
The half-widths of Bragg intensity profiles depend on the characteristics of the incident beam (wavelength range and divergence) as well as on the characteristics of the sample (mosaic structure of the crystal, absorption and extinction).
In principle, the width of the intensity profile measured with a triple-crystal diffractometer can be calculated from an expression such as that given by Pinsker (1978, formula 9.34) . 
I( +_ AO)= ~ G(ot,
where I is the total power of the radiation reflected by the sample; AO represents the deviation of the sample from the initial position; the + and -in _ correspond to the antiparallel and parallel arrangements of the sample relative to the second monochromator crystal, respectively; G and J are intensity distribution functions; Ci is the reflection function corresponding to the dynamical theory of the ith crystal; 0t and tp define the horizontal and vertical divergences of the beam incident on the first monochromator crystal, respectively; the 0i are the Bragg angles of the three reflections; 2 is the wavelength and 20 belongs to the central ray. Equation (1) is valid only for symmetrical reflections at plane-parallel perfect crystals. The relation is even more complicated if crystal mosaicity is taken into account.
Expressions for the Bragg intensity profiles similar to (1) are not easy to handle, for two reasons. First, a large number of particular distribution functions that are not known exactly in a routine intensity-datacollection experiment are required for calculation. Second, evaluation of these expressions necessitates time-consuming computation of integrals, even if approximations for the distribution functions are used. 
The main disadvantage of these approximations is that the parameters A, B, U, V and W that have to be fitted to the measurement have no physical significance. New formulae for the full width at half-maximum (FWHM) have been derived by Rossmanith (1992 Rossmanith ( , 1993 R-92 and R-93 hereinafter) . It was shown in R-93 that, with the new expression for the FWHM, very good agreement between measured and calculated widths is obtained. Furthermore, it was shown that, taking into account the absorption and extinction of the beam in the crystal, the divergence and wavelength range of the incident beam as well as the
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In the next section, approximations to the formulae given in R-92 and R-93 are given that facilitate insight into the effects of particular parameters on the FWHM.
The FWHM obtained with a synchrotron-radiation source
In Fig. 1 , which is also Fig. 1 of R-93, the arrangement of the triple-crystal system used at the synchrotron-radiation source at HASYLAB (DESY, Hamburg, Germany) is shown. The first two crystals, I and II, serve as monochromator; in Ilia, the sample crystal is arranged antiparallel with respect to the second monochromator crystal and in IIIb, it is arranged parallel. In Figs 
whereas for the parallel arrangement (Fig. 2b) the expression
is obtained, where ~/ is the mosaic spread of the sample. The angles fil and fi2, which depend solely on the radii of the two limiting Ewald spheres r]' = 1/).ma ~ and r* = 1/2mi,, the radius e of the reciprocal-'lattice spheres' and d~, the length of the reciprocal-lattice vector, can easily be calculated from the triangles OM~P2 and OM2PI. For the antiparallel arrangement, they are given by equations (6b) and (6c) of R-93:
+ d~ 2 -(r'~-e)2j/(2r'~d¢)} (4c) fi2 = arccos {[r .2 + d~ 2-(r* + e)2]/(2r'~d~)}. (4d)
Equations (4c) and (4d) d~' < d~'x l(Si), 61 and 62 for the parallel arrangement are defined by (7b) and (7c) of R-93.
= arccos {[r'~ 2 + d~ 2 -(r~ + e)2]/(Zr~d~)} (4e) 32 = arccos {[r .2 + d~ 2 -(r* -e)2]/(Zr'~d~)}. (4/)

Derivation of an approximation to (4a)--(4f)
It is obvious from Fig. 2 that, when d~', the length of the reciprocal-lattice vector corresponding to the Bragg reflection of the sample, is greater than d~'11(Si), the length of the lattice vector corresponding to the Bragg reflection of the monochromator, 62 -6cry s is greater than 61. In this case, (4b) can be replaced by
indicating that, for d~' >d~'ll(Si), the difference between the widths measured in the parallel [ (49) 
In the experiment, the four parameters A2/2, 6,ys, q and e are mostly nonzero. It can be deduced from Figs 
It is immediately obvious from (6a) that the peak width recorded in the parallel arrangement [-in (6a) ; sample position IIIb in Fig. 1 ] is smaller than that of the antiparallel arrangement [ + in (6a); sample position IIIa in Fig. 1] , the difference being twice the divergence recorded by the crystal sample. With (3a), (3c), (5a), (5b) and (5c) taken into account, the exp'ression'l"
Note added in proof." It is shown in Rossmanith (1994) that ~FWHM) = 0.2348e = 0.2348/r must be used in (4c)- (4e) and (6b) instead of e = 1/r. AO h ~--f6max(+ 1 + tan 0/tan 0m) + (2~2)/sin 20 + 17 (6b) is obtained for the FWHM, which reflects the well known fact that, for equal Bragg angles of the sample and the monochromator, the width in the parallel arrangement depends only on the crystal characteristics e. and r/, the first term in (6b) being zero. For the parallel arrangement and d~' < d~' 1 l(Si), (4b), (4e) and (4f) must be used. The relation between the radius of the reciprocal-'lattice sphere', e, and the radius of the mosaic block, r,
is valid only in the limits of the kinematical approach, i.e. when the attenuation of intensity of the incident X-ray beam caused by absorption and extinction within the mosaic blocks is negligibly small. But, in the case of high absorption and extinction and 'large' mosaic blocks, the incident intensity may be totally reflected and/or absorbed during its path through the perfect-crystal block. It was shown in R-93 that, in this case, ~: is determined by
where/~ is the linear absorption coefficient and a is defined by a = 2ro21Fhl V*.
r 0 = 2.818 × 10-13 cm is the classical electron radius, Fh iS the structure factor and V* is the volume of the reciprocal unit cell. In the case of large absorption and/or extinction [1/(/~ + o-) < r], only two parameters are unknown in (6b). It was shown in R-93 that the two unknown parameters, f and q, are easily obtained, fitting the theoretical FWHMs to experimental ones. In the case of small absorption and extinction [1/(/~ + o') > r], the radius of the mosaic block may be identical to the radius of the spherical crystal (ideally perfect sample) or smaller (mosaic crystal). In the latter case, three parameters, f, e and r/, have to be adjusted.
In paper II (Rossmanith, Werner, Kumpat, Ulrich & Eichhorn, 1993) , three examples of the practical usefulness of (6b) are presented.
